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proach in which mtDNA analysis will be equivalent to
other methodologies. In this regard, and paraphrasing
Torroni and Wallace (1995), we would also like to cau-
tion the scholars of mtDNA analysis against thinking
that this methodology is the panacea that will resolve
all our anthropological doubts.
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A Mitochondrial Mutation at nt 9101
in the ATP Synthase 6 Gene Associated with
Deficient Oxidative Phosphorylation in a Family
with Leber Hereditary Optic Neuroretinopathy

To the Editor:
Leber hereditary optic neuroretinopathy (LHON) is a
maternally inherited ocular disease resulting in bilateral
optic atrophy in young adults. Several mtDNA point
mutations have been proposed as being causative for
LHON, all in complex I, III, or IV of the respiratory
chain. The ND4/11778 mutation accounts for 50%
of all LHON families (Wallace et al. 1988; Vilkki et al.
1990), the ND1/3460 mutation (Howell et al. 1991;
Huoponen et al. 1991) is detected in -15 % of cases,
and -140% ofLHON families have the ND6/14484 mu-
tation (Mackey and Howell 1992). All these mutations
are restricted to LHON families, and they change evolu-
tionarily conserved amino acids. Furthermore, these pri-
mary mutations have never been observed to occur si-
multaneously.

Besides the primary mutations, several other replace-
ment mutations have been found in LHON families
(Brown et al. 1992; Huoponen et al. 1993). These muta-



Letters to the Editor

II (

2 3 4 5

IV[

Figure I Pedigree of the LHON family with ATPase6/9101
mutation. The blackened symbol indicates the proband with optic
atrophy.

tions are also detected at low frequency in control indi-
viduals, and they change evolutionarily less conserved
amino acids.

Thirteen of the 24 Finnish LHON families harbor
the ND4/11778 mutation, and 3 have the ND1/3460
mutation. Sequencing of the protein-coding mitochon-
drial genes for complex I (genes ND1-ND6 and ND4L)
did not reveal any new candidate for primary mutation
in the remaining eight families (Huoponen et al. 1993).
The search for pathogenic mutations was thus extended
to the genes for cytochrome b ATPase subunits 6 and 8
and for cytochrome c oxidase subunits I-III. Here we
report a new mutation that is possibly associated with
LHON: a T-to-C transition at nt 9101 at residue 192,
resulting in the replacement of an isoleucine by a threo-
nine in the ATPase 6 subunit gene.
The family with the ATPase 6/9101 mutation repre-

sents possible LHON according to the classification of
Vilkki et al. (1989). Patient III-1 (in family 6 in Huopo-
nen et al. 1993) (fig. 1) is the only affected individual
in the family. He was affected at the age of 21 years, and
his disease had a typical acute stage with peripapillary
microangiopathy. Eye examination of his 79-year-old
mother was unrevealing, and she had no peripapillary
microangiopathy.
The base substitution at nt 9101 abolished a restric-

tion site for MboII and created a new site for HphI,
providing an easy method for detection of the mutation.
MboII digestion of the PCR-amplified 320-bp fragment
from normal DNA produced fragments of 120 and 200
bp, whereas a 320-bp fragment was obtained from mu-
tated DNA (fig. 2a). In contrast, HphI digestion pro-
duced an intact fragment from normal DNA and pro-
duced fragments of 120 and 200 bp from mutated DNA
(fig. 2b). Four additional maternal members of the fam-
ily, the probands of the other 23 Finnish LHON fami-
lies, and 100 unrelated control individuals of Finnish
origin were screened for the presence of the mutation.
The mutation was detected in all maternal members of
family 6 but not in the other individuals tested, and it
has not been reported in any of the published surveys
of mtDNA nucleotide variations.

The sequencing revealed four other replacement mu-
tations in the same individual, at the following positions:
nt 8860 (Thr-*Ala) in the gene encoding ATPase subunit
6; nt 14766 (Ile-+Thr) and nt 15326 (Thr-GAla), both in
the cytochrome b gene; and nt 9559 (Arg-Pro) in the
cytochrome c oxidase subunit III gene. All these base
changes are reported to be normal variants without
pathological significance (Marzuki et al. 1991). Other
maternal family members were not screened for these
mutations. No replacement mutations were previously
detected in any of the seven genes for complex I subunits
(Huoponen et al. 1993).
By means of Southern blotting the proband and three

unaffected maternal family members were shown to be
homoplasmic for the ATPase 6/9101 mutation. This im-
plies that the mutation has not arisen recently.
The nt 9101 base change is the first LHON-associated

ATPase 6 subunit mutation. The ATP-synthesizing com-
plex (F1FO-ATPase) of mitochondria couples the electro-
chemical proton gradient, generated across the inner mi-
tochondrial membrane by the respiratory chain, to syn-
thesis of ATP. It is composed of a membranous Fo
segment, which encompasses the proton channel, and
of the F1 portion, which catalyzes ATP synthesis from
ADP and Pi on the matrix side of the inner membrane.
The F0 segment is formed by three polypeptides; sub-
units 6 and 8 are encoded by mtDNA, and subunit 9 is
encoded by nuclear DNA (Fillingame et al. 1992). Resi-
due 192 in subunit 6 is weakly conserved; in man and
in sea urchin it is isoleucine, but in most other species

a.

TMo bp
- 2l0bp
-2lObp

Fl F2 F3 F4 F5 Cl C2 a3 04 CS CO C7 CS

b.

- 320bp200 bp -_
120op --

Fl F2 F3 R4 F5 Cl 02 C3a 4 C5 6 C7 CI

Figure 2 a, mtDNA mutation at position 9101, detected by
MboII analysis. In normal mtDNA, MboII cuts the PCR-amplified
320-bp fragment into fragments of 120 and 200 bp. The mutation
eliminates the MboII restriction site and results in an intact 320-bp
fragment. Samples F1-F5 are from family 6, and samples C1-C8 are
control samples. b, Same samples as in panel a, digested with HphI.
In normal mtDNA, HphI restriction-enzyme digestion results in an
intact 320-bp fragment. The mutation creates a new restriction site
for HphI. Samples with the 9101 mutation are cut into fragments of
120 and 200 bp.
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(bovine, mouse, rat, chicken, and Xenopus laevis) it is
threonine, as in the LHON case studied here.

Oxidative phosphorylation was studied in mitochon-
dria from cultured lymphoblasts of patient III-1, an un-
affected family member II-1, and two controls, by mea-
suring the rates of ATP synthesis and electron transfer
through complexes I and III simultaneously. In mito-
chondria carrying the ATPase 6/9101 mutation, the ef-
ficiency of oxidative phosphorylation was reduced by
40%-50%, as revealed by a lowered ATP/2e- ratio (III-
1, 0.75 + 0.07 [n = 3], and II-1, 0.78 + 0.06 [n = 3];
controls, 1.38 ± 0.14 [n = 7]), which relates the rate
of ATP synthesis to the rate of electron transfer. The
oligomycin-sensitive ATPase activity due to the FoF,
complex was normalized to succinate dehydrogenase ac-
tivity of the preparation, and a 20% decline was ob-
served in the mutant preparation relative to that of the
controls (III-1, 0.282 ± 0.025 [n = 3]; controls, 0.336
± 0.055 [n = 3]).
Two other mutations in ATPase subunit 6 have pre-

viously been associated with human disease. Heteroplas-
mic substitutions of Leu for Arg or Pro (de Vries et al.
1993) at residue 156 have been demonstrated in patients
with either NARP (neurogenic muscle weakness, ataxia,
and retinitis pigmentosa) or Leigh disease. We report
now a new candidate for a primary mutation in LHON
in a patient with typical symptoms of the disease. Al-
though the site of the mutation is not in the conserved
region of the ATPase subunit 6 gene, the biochemical
defect in oxidative phosphorylation is specifically traced
to complex V. To confirm the etiological role of the
ATPase 6/9101 mutation in LHON, screening of the
mutation is needed in LHON families from different
populations.
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Exclusion of Chromosome 1q21 -q3 I from Linkage
to Three Pedigrees Affected by the Pigment-
Dispersion Syndrome

To the Editor:
The pigment-dispersion syndrome is a form of open-
angle glaucoma that usually affects individuals in the
first 3 decades of life. In addition to the typical optic-
nerve degeneration seen in all types of glaucoma, the
pigment-dispersion syndrome is characterized by dis-
tinctive clinical features including the deposition of pig-


